Background. Background. Cirrhosis remains the most frequent liver-related cause of death worldwide and we aimed to evaluate its burden in Brazil from 2000 to 2012. Material and methods.
INTRODUCTION
Identification of major public health issues is the first step in implementing programs to prevent, perform early diagnosis and treat high burden diseases. Chronic liver diseases have emerged as major causes of global health burden and have led to an increasing economic impact on health care systems. 1 Direct and indirect costs for liver disease management have substantially increased nowadays, especially in the era of interferon-free treatment for hepatitis C. 2 Liver-related mortality rates have been increasing worldwide. Several studies have described the burden of liver disease in the United States 3, 4 and Europe. 5 This trend was followed in Latin America, where approximatively 2 million cases of chronic liver disease are expected in the next 40 years. 6 Liver cirrhosis has been described as the most frequent liver-related cause of death worldwide. 7 The top leading causes of cirrhosis are viral hepatitis, alcohol abuse and non-alcoholic fatty liver disease. Patients with cirrhosis have 3-fold higher risk of overall mortality than matched controls. 8 However, few studies have evaluated the burden of liver disease in low-or middle-income countries, such as Brazil. The aim of this study was to estimate mortality rates associated with cirrhosis in Brazil from 2000 to 2012.
MATERIAL AND METHODS
This is an analytic ecological study performed at the Evandro Chagas National Institute of Infectious Disease (INI/FIOCRUZ). The National Registry of Death database (SIM -Sistema de Informação sobre Mortalidade) from the Brazilian Unified Health System Information Technology Department (DATASUS) was analyzed to es-timate the age-adjusted mortality rates associated with cirrhosis from 2000 to 2012.
The study protocol was conducted in accordance with the Helsinki Declaration and it was approved by the local Ethics Committee. SIM is an open-source and web available database (www.datasus.gov.br) published in a public domain and provided by the Brazilian Ministry of Health. This database contains anonymous data for all deaths in Brazil since 1979. Primary, secondary and contributing causes of death, based on the death certificate (DC) have been electronically registered in SIM since 1999. The underlying cause of death is determined as the "disease of injury which initiates the train of events leading directly to death". If more than one cause or condition were listed on the DC, the underlying cause was determined by the sequence of conditions using standard algorithms. 9 Causes of death have been classified according to the 10th revision of the International Classification of Diseases (ICD-10) since 1996. The Brazilian Institute of Geography and Statistics (IBGE) has provided estimation of population in Brazil and its macro-regions for the past four decades. Socio-demographic statistics of the resident population were based on the 10-year interval census (1980, 1991, 2000 and 2010) and the annual inter-census projections performed by IBGE. Statistics of estimated Brazilian population are web available (www.ibge.gov.br) and can be stratified by age, gender and geographic localization.
Liver-related deaths were defined by the following ICD-10 codes: viral hepatitis [B15-B19]; hepatocellular or cholangiocarcinoma [C22.0, C22.1]; alcoholic liver disease [K70]; cirrhosis [I85, K73 and K74] and other liver diseases [K71, K72, K75, K76]. The presence of I85, K73 or K74 ICD-10 codes in any field of the DC defined cirrhosis. Deaths classified as R00-R99 [Symptoms, signs and abnormal clinical and laboratory findings, not classified elsewhere] were considered as ill-defined or of unknown cause of death as these codes do not give any information concerning the possible conditions that led to death. 10 The number of deaths and the crude mortality rate due to illdefined or unknown cause of death were used to estimate the quality of death registration. 11 Macro-regions of Brazil were defined by IBGE as legally valid subnational units known as North, Northeast, Center-West, Southeast and South regions.
Brazilian mortality rates related to cirrhosis were analyzed from 2000 to 2012 (the latest year available at the time of the present analysis). Deaths due to cirrhosis were reported as absolute numbers and as crude mortality rates (expressed per 100,000 inhabitants). In addition, the crude mortality rates were adjusted for age using a standard population to define the age-standardized mortality rates (expressed per 100,000 inhabitants). Crude mortality rate was calculated as the ratio of the total number of deaths in a pe-riod to the estimated resident population in the same period. The age-standardized mortality rate was calculated using the direct standardization method which is the weighted average of the age-specific rates from the standard population. 12, 13 The World Standard population reported by the World Health Organization (WHO) was used as the standard population to apply the direct standardization method in the study. 14, 15 Data management and mortality rate calculations (with 95% confidence interval) were performed using the software STATA (2012; StataCorp LP, College Station, TX, USA).
Annual trends in the mortality rates were assessed using Poisson regression models with deaths due to cirrhosis as the dependent variable, year as the continuous independent variable and log (population) as an offset to adjust for the population at risk by year. Models' residuals were inspected graphically. These plots showed random dispersion of residuals as a function of time so the linear assumption was deemed valid. To explore the impact of ill-defined deaths on the observed trends, ill-defined deaths were proportionally redistributed according to the defined causes (i.e. cirrhosis and other causes) by age. After redistribution, trends were tested using the same methodology described above.
RESULTS
A total of 13,672,446 deaths occurred in Brazil from 2000 to 2012. Cardiovascular disease, non-liver cancer and external causes were the top ranking causes of death. A total of 575,878 (4.2%) deaths had ICD-10 codes of liver diseases mentioned on their DC. Cirrhosis was the primary or the underlying cause for 265,180 deaths. Thus, cirrhosis was mentioned in any field of the DC in 46% of liver-related deaths and 2% of all deaths in this period. Deaths that have mention of liver diseases as well as those with mention of cirrhosis on their DC increased in absolute numbers from 2000 to 2012 ( Table 1) .
The majority of individuals who had mention of cirrhosis on the DC were male (77%), aged > 40 years-old (90%) and self-declared ethnicity as Caucasian (54%). The median (IQR) age at time of death due to cirrhosis was 56 (47-67) years and most cases occurred in the Southeast region (52%), the most populated area corresponding to 42% of the Brazilian population. A total of 18% (n = 47,695) and 9% (n = 23,692) of cirrhosis-related deaths had mention of alcoholic liver disease [K70] and viral hepatitis [B15-B19] on their death certificates, respectively. Table 2 summarizes the demographic characteristics of individuals who have mention of cirrhosis in their DC in Brazil from 2000 to 2012.
In 2012 the age-standardized cirrhosis mortality rate (95% confidence interval) was 11.71 (11.59-11.83) deaths to 2012 [in men from 21.63 to 18.95 and in women from 5.75 to 5.32]. Males presented 4-fold higher age-standardized cirrhosis mortality rate compared to females ( Table  5 ). In stratification by age groups, the crude cirrhosis mortality rate starts to become expressive (> 10 deaths per 100,000 inhabitants) in persons older than 40 years of age. In 2012 the crude cirrhosis mortality rate remained very high in individuals aged 50-59 years in all of Brazil's macro-regions [North = 25.16; Northeast = 26.57; Southeast = 33.96; South = 30.69 and Center-West = 28.83 deaths per 100,000 inhabitants] ( Table 6 ). (Table 3) with both regions showing statistically significant increasing trends (p < 0.001). The trends described above were also observed after ill-defined deaths were redistributed with the only change observed in the Center-West region for which a borderline significant increasing trend (p = 0.06) was obtained (Table 4 ). Figure 1 plots the evolution of the age-standardized cirrhosis mortality rates in Brazil and its macro-regions throughout the 13 years of analysis. The age-standardized cirrhosis mortality rate (per 100,000 inhabitants) decreased in both genders from 2000 Age-standardized mortality rate [95% confidence interval) adjusted by the WHO population using the direct method. Age-standardized mortality rate [95% confidence interval) adjusted by the WHO population using the direct method. Crude mortality rate was calculated as number of death/estimated population and expressed per 100,000 inhabitants. Age-standardized mortality rate adjusted for WHO population. Figure 1 . Figure 1 . Figure 1 . Figure 1 . Figure 1 . Age-standardized mortality rates associated with cirrhosis (deaths per 100,000 inhabitants) from 2000 to 2012 in Brazil and its macroregions. Brazil: statistically significant decreasing trend (p < 0.001). North: statistically significant increasing trend (p < 0.001). Northeast: statistically significant increasing trend (p < 0.001). Southeast: statistically significant decreasing trend (p < 0.001), South: statistically significant decreasing trend (p < 0.001). Center-West: non-significant trend (p = 0.41). A total of 1,327,364 deaths were classified as ill-defined causes of death from 2000 to 2012 in Brazil. The crude mortality rate of ill-defined or unknown causes of death remained very high in 2012 in Brazil: 38.63 deaths per 100,000 inhabitants, with the North region having the highest (46.42) and Center-West the lowest (16.92) rates. However, absolute number of deaths and the mortality rate by ill-defined causes decreased from 135,749 to 74,935 (-45%) and from 79.95 to 38.63 (-52%) per 100,000 inhabitants from 2000 to 2012 in Brazil, respectively. In addition, the absolute number of deaths and crude mortality rate of ill-defined or unknown causes of death also reduced in all of Brazil's macro-regions in the same period. The higher percentage of reduction in these parameters was observed in the North and Northeast regions reflecting a possible improvement in data quality in the last decade (Table 7 ).
DISCUSSION
The present study highlights the burden of mortality due to cirrhosis in Brazil from 2000 to 2012. The analysis of a nationwide death registry database showed a decrease in age-standardized mortality rate associated with cirrhosis from 2000 to 2012 in Brazil. Despite this favorable evolution, cirrhosis still causes approximately 20,000 deaths per year and remains a major public health issue in Brazil. Cirrhosis remains the most frequent liver-related cause of death worldwide. 7 Cirrhosis mortality rates seem to be higher in individuals with lower levels of education and in areas with lower socioeconomic status. 16 Globally, mortality rates associated with cirrhosis decreased from 20.0 (95%CI 13.5-29.4) to 15.8 (10.2-23.6) deaths per 100,000 persons per year from 1980 to 2010, probably driven by a 60% mortality reduction in East Asian countries. Despite the decrease in mortality rates, absolute number of deaths due to cirrhosis had a significant increase in the same period. 17 The Global Burden of Disease study, an overview of national trends in cause-specific mortality in 187 countries, reported a 16% worldwide decrease in age-standardized cirrhosis mortality rates from 1990 to 2010 (from 18.6 (95%CI 15.8-20.7) to 15.6 (13.2-17.6) deaths per 100,000 inhabitants). 17 In Europe, cirrhosis mortality has been following a strong "East-to-West" gradient. 18 An expressive decline in cirrhosis mortality was observed in Mediterranean countries such as France, Italy, Spain and Portugal. 5 Despite the decrease in mortality rates, cirrhosis continues to be related to 170,000 deaths in 2013 leading the European health authorities to launch programs that aim to significantly reduce liver mortality and decrease the burden of liver diseases with evidence-based policy measures. In Portugal, hospitalization due to alcoholic cirrhosis increased by up to 30% in males and 45% in individuals aged between 40 and 54 years from 1993 to 2008. 19 In Latin American countries, the trend of cirrhosis mortality varies widely: mortality rates increased in Para-guay and decreased in Chile and Argentine. 17 In addition, mortality rates have been increasing in recent years in Mexico, one of the countries with the highest mortality rates due to liver diseases worldwide. 20 In a Brazilian study, Nader, et al. reported more than 800,000 hospitalizations due to liver disease from 2001 to 2010, most due to cirrhosis (~30,000 admissions per year). 21 In the present study, we reported similar trends for age-standardized cirrhosis mortality rates in Brazil compared to those globally described in recent years. In our analysis, age-standardized cirrhosis mortality rates (deaths per 100,000 inhabitants) has been statistically significant decreasing from 2000 to 2012 (p < 0.001). This worldwide decrease in cirrhosis mortality rates is probably associated with screening transfused blood for viral hepatitis, implementation of hepatitis B vaccination programs, access to hepatitis C treatments and effective health policies to prevent alcoholic liver disease. 22 In our study, the proportional mortality rate from cirrhosis decreased from 50.1% to 43.7% from 2000 to 2012 (Table 1 ). We hypothesize this was likely driven by a better quality of data registration and an 2-fold increase in proportional mortality rates from liver cancer (from 2.97% to 5.55%) in this period.
Brazilian age-standardized cirrhosis mortality rates (per 100,000 inhabitants) in 2010 were similar to France (11.2) and Germany (12.4) in Western-Europe; Paraguay (12.5) and Argentina (14.0) in Latin America. We have higher mortality rates than Scandinavian countries (Sweden with 5.4 and Norway with 4.2 deaths per 100,000 inhabitants) and lower rates than Mexico (38.3), Chile (21.8), North African countries, such as Egypt (72.7), Sub-Saharan Africa and most countries in Asia. 5, 17 Sub-Saharan Africa has high rates of liver disease burden and low funds of global health spending. 23 However, comparison of mortality rates due to cirrhosis among countries has been challenged by different death report processes and methodologies used in data analysis across the studies. There is no consensus on which ICD-10 codes should be included to consider death by cirrhosis. Mendez-Sanchez, et al. defined cirrhosis by a strict list of ICD-10 codes (K74.0-K74.6). 20 On the other hand, Mokdad, et al. opted for a broader definition of cirrhosis including ICD codes from chronic hepatitis, alcoholic liver disease and hepatic failure. 17 Studies using data from death certificates have estimated around 30,000 deaths per year due to cirrhosis in the United States. 3 However, if codes for viral hepatitis and alcoholic liver disease had been included in these estimates this number would increase to 60,000 deaths per year. 4 In addition, the crude or unadjusted mortality rate should not be used to compare trends of mortality among different countries.
The different age distribution of populations can lead to a misunderstanding in comparisons and interpretation of data. If a country has a higher proportion of an ageing population, people will have an inherently greater risk of dying compared to a country with a younger population. 24 Thus, comparisons of mortality rates between regions or countries should be interpreted with caution due to the considerable variability in death report processes worldwide and methodologies used in data analysis. In the present study, death due to cirrhosis was defined by the presence of I85 or K73 or K74 in the primary, secondary or contributing causes of death on the DC; mortality rates were age-adjusted using the direct method and the standard population proposed by WHO which has an average world population age-structure constructed for the period 2000-2025.
We acknowledge that our findings are subject to several limitations, mainly associated with the lack of high quality cause of death registration in some Brazilian regions. The proportion of deaths from ill-defined or unknown conditions has been commonly used as an indicator of the quality of cause-of-death data. 25 However, a low absolute number or mortality rate of this condition does not necessarily mean a high quality in cause-of-death information, as it does not exclude other forms of misclassification. 26 Death count coverage in Brazil has increased from 80% in 1980-1991 to more than 95% in 2000-2010. 27 Improvement in data quality seems to be closely associated with investments in the public health care system and death reporting processes. 28 Beyond the satisfactory national death count coverage in the last 10 years, there are still large regional differences in mortality reports in Brazil: data quality seems to be better in the South and Southeast compared to other regions. 29 Taken together, these observations suggest that the decreasing mortality rate observed for the country likely accurately reflects the changing patterns of mortality due to cirrhosis. The analysis within the major regions, on the other hand, should be interpreted with a grain of salt. The better data quality in the South and Southeast regions suggests the observed decreasing trends might be real while the important increase in cirrhosis-related mortality rates in the North and Northeast might be true or an artifact due to a better quality of data registration in these regions in the more recent years. In a sensitive analysis, we reported similar trends on cirrhosis-related mortality in Brazil and its regions when ill-defined deaths were proportionally redistributed according to the defined causes (i.e. cirrhosis and other causes) by age ( Table 4 ).
The proportion of ill-defined causes of death is variable across European countries with very low rates (< 1%) in Finland, United Kingdom, Austria and Italy. 10 In our study, ill-defined or unknown causes of death represented 9.7% of all deaths in the analyzed period. However, this proportion decreased from 14.3% to 6.3% (a reduction of 56%) from 2000 to 2012 in Brazil (Table 6 ). A study of França, et al., reported that 20% of ill-defined or unknown causes of death [R00-R99] in Brazil in 2010 were reclassified after investigation. The top ranking death causes reclassified were endocrine diseases, mental disorders, nervous system and cardiovascular diseases and maternal causes. 30 Thus, liver diseases do not seem to be highly implicated in the reclassification of unknown causes of death. Since 2005, the Brazilian Ministry of Health has initiated a project to upgrade the mortality information, reducing the proportion of ill-defined deaths. 31 We confirmed that the absolute number of deaths and mortality rates from ill-defined causes of death (R00-R99) decreased by 50% in Brazil and up to 70% in some macro-regions from 2000 to 2012 reflecting a higher quality in mortality data reporting ( Table 6 ).
Another potential limitation of our study could be the low rate of definition of etiology of cirrhosis-related deaths: only 18% (n = 47,695) and 9% (n = 23,692) of cirrhosis-related deaths had mention of alcoholic liver disease and/or viral hepatitis on their death certificates, respectively. Prevention programs and health policies are strongly dependent on the etiology of liver disease to be tackled. These rates are probably underestimated and it might be related to quality of data registration. The introduction of ICD-10 coding added a more detailed information on the etiology of liver diseases and cirrhosis-related deaths. However, the ICD-10 categories do not match well to current clinical diagnoses and in many cases etiology remains unclear. Sheron et al described that a half of liver-related deaths do not have an etiology recorded when analyzing raw data files from the WHO mortality database since 2000. 32 Therefore, it is difficult to estimate with accuracy the percentage of liver deaths that occur as a result of viral hepatitis, non-alcoholic fatty liver disease or excessive alcohol consumption.
The major strength of this study was the estimation of the burden of cirrhosis mortality by analyzing individual data from a nationwide database (SIM) provided by the Brazilian Ministry of Health. SIM has registered causes of death based on DC classified by ICD codes since 1979 (ICD-9 from 1979 to 1995 and ICD-10 from 1996 to today). Since 1999, primary, secondary and contributing causes of death have been available on the database. Mortality data has been systematically updated by the Brazilian Unified Health System Information Technology Department. Death by cirrhosis was defined as the presence of the specific ICD-10 in any field of the DC to avoid underestimation of mortality rates. In addition, mortality rates were adjusted for age using the WHO World standard population that allows comparison of our data with different countries worldwide. This analysis of the Brazilian general population may contribute to a better understanding of the burden of liver diseases worldwide. In terms of territory and population, Brazil is the largest country in Latin America and the fifth largest country in the world. In addition, the description of the burden of cirrhosis mortality in Brazil would emphasize the need of prioritization of the development of preventive health policies in chronic liver diseases.
CONCLUSION
Age-standardized cirrhosis mortality rates progressively decreased from 2000 to 2012 in the Brazilian population. However, cirrhosis remains a major public health issue, responsible for more than 20,000 deaths in 2012. This study paves the way for further urgent research to identify major public health concerns permitting to prioritize health policies for the implementation of cost-effective prevention programs and novel treatments for the most frequent liver diseases in Latin American countries and especially in low-income Brazilian regions.
